Animal models are commonly used to analyze the mechanism of carcinogenesis as well as the development and screening of potent drugs. Although numerous animal models of breast cancer have been used in research, few display multiple stages of tumorigenesis. The transgenic strain FVB/N-Tg(MMTV-PyVT) 634 Mul/J (also known as PyVT) was established to determine the effect of mammary gland-specific expression of the polyomavirus middle T antigen. Here the PyVT model with three distinct stages of tumor development (Pre, Early, and Late stages) was used as a model system for measuring tumor growth, tumor burden, and metastasis of mammary carcinomas. Additionally the expression profile of the molecular markers, survivin and Ki-67, was determined. Three antineoplastic compounds were testes over a 14-day period to determine their efficacy at attenuating tumor growth at each stage of development. Interestingly cisplatin and paclitaxel were determined to be ineffective anticancer drugs, while tamoxifen significantly reduced tumor growth in the Pre and Early stages of tumor formation.
Introduction
In vivo models are important for translational research and may be used to explore the mechanism of tumorigenesis, or the pharmacodynamics and the development of therapeutics for cancer. Animal models to study cancer formation should include features such as molecular targets, drug metabolism, pharmacokinetics/dynamics, drug distribution, anatomic similarities, microenvironment, angiogenesis, and metastasis. Change in tumor size is the most widely used end point for drug efficacy, but tumor frequency, survival, and tumor burden are other important factors. Thus, specific model systems have advantages for measuring tumor burden, drug sensitivity, and metastatic potential. The antitumor activity of chemotherapeutics is commonly determined in immune deficient mice transplanted with human tumors, but these xenograft tumors have the potential loss of tumorigenicity, limited metastatic potential of many cell lines, and loss of linearity with increasing tumor volume [1] .
Animal models have evolved from the transplantable syngeneic mouse tumor models to chemically induced, transgenic, and spontaneous animal tumor models. Numerous chemotherapeutic agents have shown promising results in preclinical models and yet had minimal activity in clinical settings. This has led to skepticism about xenograft and syngeneic tumor models. Newer techniques, including transgenic mouse models, have the potential to be more predictive. Tumorigenesis is a multistep process and all stages of development need to be considered in the design of more effective therapies. Since several transgenic mammary models of human breast cancer progress through well-defined cancer stages, they are useful preclinical systems to test the efficacy of chemopreventive and chemotherapeutic agents. The use of transgenic mammary carcinoma models allows for detailed study of stage-specific responses to antineoplastic agents, defining the appropriate timing for intervention with specific compounds.
The transgenic strain FVB/N-Tg(MMTV-PyVT) 634 Mul/J (also known as PyVT) is a novel in vivo model formammary tissue-specific expression [2] . The PyVT oncogene activates multiple oncogenic pathways, such as src and phosphatidylinositol-3-kinase [3] , leading to an aggressive tumor phenotype. Previous studies indicate that virgin females carrying the transgene develop multi-focal, poorly differentiated, highly invasive ductal carcinoma by 10 -12 weeks of age, with a high incidence of lung metastases stemming from the primary mammary tumor [4] . At 5 weeks of age females develop noninvasive focal lesions which are classified into four groups: simple, solid, cystic, and mixed (solid and cystic) [5] . Solid lesions consist of large foci with a dense mass of atypical cells in nodular sheets. Cystic lesions vary in size and complexity, and are lined by multilayered epithelium with significant amounts of clear fluid [5] . The premalignant tumors are morphologically heterogeneous and highly proliferative neoplastic cells with atypical nuclei that contain abnormal microvasculature, and stay within the basement membrane [5] .
The MMTV-PyVT expression is variable in tumors [5] , which suggests that the transgene is not necessary for the maintenance of the malignancy. The PyVT model represents a multistep process due to lesions progressing from hyperplasia to an adenoma/mammary intraepithelial neoplasia mixed phenotype, followed by early and late carcinoma with pulmonary metastasis [4, 5] . Metastasis of the primary tumor to distant sites remains a significant cause of death in many cancer types, highlighting the importance for a metastatic model. This model of spontaneous mammary carcinogenesis is a powerful tool for studying the mechanism associated with tumor progression and development of novel chemotherapeutics.
This model has not been used to test the efficacy of many antineoplastic compounds despite its clinical relevance to human breast cancer. The compounds utilized here are cisplatin, paclitaxel, and tamoxifen. The mechanism of action is briefly explained. Cisplatin induces damage to tumors via formation of DNA adducts followed by cell growth inhibition and induction of apoptosis. Paclitaxel prevents cellular proliferation by binding to tubulin and inhibiting disassembly of the microtubules in the cell. Tamoxifen is a selective estrogen receptor modulator (SERM) that competitively inhibits the binding of estradiol to the estrogen receptors. The effects of these compounds on the MMTV-PyVT transgene-induced mouse have not yet been reported.
The present study reviews the characteristics of tumor development and determines the effects of antineoplastic treatment on tumorigenesis and metastasis using the MMTV-PyVT transgene-induced mammary tumor model. Interestingly with the progression of malignancy there is an increase in expression levels of Ki-67 and survivin, with a decrease in estrogen receptor (ER) and progesterone receptor (PR) expression. This supports previous work done on this model. We showed for the first time the anticancer activity of tamoxifen, not cisplatin or paclitaxel, against a multistage mammary tumor model.
Materials and Methods

Animals
A colony of FVB-TgN(MMTV-PyVT) transgenic mice (The Jackson Laboratory; Bar Harbor, ME) was established. To identify transgenic progeny, genomic DNA was extracted from a 1.5-cm tail clipping. All mice carrying the PyVT transgene developed mammary tumors. Tumor development of positive female mice was closely monitored every 2 -3 days. Tumor onset was recorded as the age of the animal at which palpable abnormal masses were detected. Tumor size was measured in two dimensions with calipers every 2 days. Mice at each stage of tumor development were randomly divided into four experimental groups: 1) control animals given the vehicle solvent (DMSO); 2) animals treated with 3.5 mg/kg cisplatin; 3) animals treated with 10 mg/kg paclitaxel; and 4) animals treated with 20 mg/kg tamoxifen. All treatments were administered as an intraperitoneal (IP) injection every other day for 14 days. Animal care and use protocols were approved by the Institutional Animal Care and Use Committee (IACUC) at Kansas State University, Manhattan, Kansas following NIH guidelines.
Compounds
cis-Diammineplatinum(II) dichloride (P4394), paclitaxel (T1912), and tamoxifen (T5648) were purchased from Sigma Aldrich (St. Louis, MO, USA).
Antibodies
Primary antibodies: Anti-ERα (sc-8002, mouse monoclonal), anti-ERβ (sc-8974, rabbit polyclonal), anti-PR (sc-166170, mouse monoclonal), anti-survivin (sc-374616, mouse monoclonal), and anti-Ki67 (sc-23900, mouse monoclonal), from Santa Cruz Biotechnology (Santa Cruz, CA); anti-GAPDH (2118, rabbit monoclonal) from Cell Signaling (Boston, MA); anti-pan epithelial (MAB1631) and antipigment epithelium (MAB1059) from Chemicon; and anti-Her2 (AP7629e, rabbit polyclonal) and anti-p53 (AP 6266b, rabbit polyclonal) from ABGENT (San Diego, CA) were used for both western blot and immunohistochemistry (IHC).
hibitors at 1:1000 dilution (Sigma-Aldrich, Saint Louis, MO). Tissue was homogenized via the OMNI Bead Ruptor 24 at a speed of 5.65 m/s for 45 seconds, followed by centrifugation at 13,000 rpm for 30 minutes at 4˚C. Twenty-five μg of whole-cell extract was resolved by 10% SDS polyacrylamide gel electrophoresis (PAGE) and transferred to nitrocellulose membrane (Midwest Scientific, Saint Louis, MO). Nitrocellulose membrane was blocked in 5% milk for an hour at room temperature and then incubated with monoclonal antibodies (1:1000). Western blots were detected by enhanced chemiluminescence detection reagents (Pierce, Rockford, IL) and visualized by Fluorchem E imaging system (ProteinSimple, Santa Clara, CA).
Immunohistochemistry (IHC)
Mammary carcinomas and organs were removed and fixed in a solution of 10% formaldehyde and embedded into paraffin prior to sectioning them onto slides at a 5 µm thickness. Paraffin sections (5 µm) were dried at 60˚C for 25 minutes. Deparaffinization was performed with 100% xylene and 100%, 90%, 75%, 50% ethanol. Antigen retrieval was performed in 1× citrate buffer solution and steam. Slides were then incubated overnight at room temperature with a polyclonal antibody (1:50 dilution). After washes in PBS, slides were successively incubated with biotinylated secondary antibodies (1:1000) for 15 minutes. Slides were washed and immunostains were amplified by incubation with Avidin Biotin Complex (ABC) for 10 minutes accordingly. Cells were visualized with 3,3-diaminobenzidine (DAB) followed by a hematoxylin counterstain. The sections were viewed and the images captured with a Nikon 80i microscope under 40× and 60× magnification.
Statistical Analysis
Significance was determined at a p-value ≤ 0.05 using a standard t-test. Data is presented as the mean ± the 95% confidence interval of a minimum of six samples per treatment group.
Results
FVB-TgN(MMTV-PyVT) female transgenic mice developed tumors as early as 4 weeks of age. All 10 mammary pads developed tumors with the maximum tumor burden achieved around 12 weeks of age. Tumor development was divided into 3 stages based on the extent of tumor size and the frequency of tumor formation. The Pre stage of tumor development began at 4 -5 weeks of age, consisting of a pre-cancerous condition where no tumors were palpated and the mammary tissue appeared normal on gross observation. The Early stage of development was confined to 6 -8 weeks of age, represented by the gross observation of 1 -2 solid tumors within the mammary tissue. The Late stage was based on the presence of all 10 primary mammary tumors with secondary lung metastasis, which appeared after 10 weeks of age. Representative sections of the lung tissue were stained with hematoxylin and eosin (H&E) for histopathological review to determine the presence of metastases.
To confirm the PyVT tumors were of epithelial origin, immunohistochemistry was conducted at each stage of development with pan epithelium, pigment epitheliumderived factor, and E-cadherin (Figure 1 ). There was a strong positive staining for pan epithelium in the Pre and Early stages, while the Late stage showed weak staining. This was consistent for the pigment epithelium-derived factor (PEDF) and E-cadherin. This is indicative of a transition in cellular phenotype, demonstrating the process of epithelial-mesenchymal transition (EMT) in this model.
Breast cancers are routinely assessed for hormone receptor status [estrogen receptor (ER), progesterone receptor (PR) and human epidermal growth factor receptor 2 (HER2)] due to their relation to different subtypes and impact on prognosis, treatment, and overall survival. PyVT tumors isolated from all stages of development were shown to be ER-and HER2-positive (Figure 2) . Only the Early and Late stages tumors expressed detectable levels of PR. This was confirmed with Western blot analysis (data not shown). Estrogen receptor (ER), progesterone receptor (PR), and expression of human epidermal growth factor receptor 2 (HER-2) are recognized prognostic and predictive factors. ER found in 50% -80% of breast cancers [6] . PR is a surrogate marker of a functional ER and is expressed in 60% -70% invasive breast carcinomas with a higher positivity in older age and postmenopausal women [7] . HER-2/neu also known as C-erb B2 (HER-2), is a protooncogene located on chromosome 17 and the protein (HER-2) is overexpressed in 15% -25% of invasive breast carcinoma with associated poor prognosis [8] .
Tumors were shown to express p53 (Figure 2) . P53 is an additional prognostic marker for inflammatory breast cancer, a more aggressive form than locally advanced breast cancer [9] . It is a sensor of cellular stress and master regulator of apoptotic programming [10] . The role of p53 protein is to maintain genomic stability as a multifunctional transcriptional regulator participating in the cell cycle [11] . In cells with active p53, it functions as a survival gene, and its loss sensitizes the cell to genotoxic stress [12] . Elevated levels of p53 expression have been associated with poor prognoses [13] . Neoplastic cells have multiple survival techniques against death signals, such as the use of inhibitors of apoptosis. The anti-apoptotic protein survivin is a member of the inhibitors of apoptosis protein family expressed in a range of tumor types that regulates mitosis [14] [15] [16] . Survivin expression correlates with chemotherapeutic resistance and accelerated relapse [17] . Immunoblot analysis of tumor homogenate indicated that the expression of survivin increased as the tumor developed (Figure 3(a) ). This was confirmed by immunohistochemistry ( Figure  3(c) ).
Cellular proliferation was determined by the expression of Ki-67, which is detectable during all activate phases of the cell cycle (G1, S, G2, and mitosis), but absent in the resting cell (G0) [18] . Elevated Ki-67 expression is associated with increased breast cancer recurrence and poor patient survival [19] . Ki-67 is one of only five genes for proliferation, out of 16 cancer-associated genes, that contribute significantly to the Oncotype score [20] . Immunoblot and immunohistochemistry of Ki-67 on PyVT tumors showed an increase in expression levels as the tumor progressed to a malignant phenotype (Figure 3(b) ). This was confirmed by immunohistochemistry ( Figure  3(c) ).
Histopathological examination of the mammary tumors was conducted for each treatment group in the three stages of tumor development. When present, tumors were categorized as adenoma/mammary intraepithelial neoplasia (MIN), early carcinoma, or late carcinoma ( Figure  4) . Adenoma/MIN involved expansion of acini and ducts by a proliferation of polygonal neoplastic epithelial cells with multifocal coalescence of the affected ducts and acini. Neoplastic cells exhibited minimal cellular atypia and a low mitotic index (0-2/400x field). The neoplastic proliferation was confined by the basement membrane and there was a lack of fibrous connective tissue within the neoplasm. Early carcinomas were unencapsulated and moderately well-demarcated, with closely packed nests and acini of neoplastic cells with mild to moderate cellular atypia and 1 -3 mitotic figures per high powered field. Neoplastic cells breached the basement membrane and were multifocally separated by a small to moderate amount of fibrovascular stroma. Late carcinomas were unencapsulated, poorly demarcated and invasive, composed of sheets of tightly packed nest and acini of neoplastic cells separated by moderate amounts of fibrovascular stroma. Anisocytosis and anisokaryosis were moderate and mitoses average 1-3/400x field. The Pre tumors were either adenoma/MIN or early carcinomas, while the Early tumors were all early carcinomas. The Late tumors were both late carcinomas.
The mammary carcinoma developed by the PyVT transgenic model is characterized by a metastatic patterninvolving the lung tissue. No lung metastasis was observed for the Pre stage of tumor development. Metastatic foci were not commonly found in the Early stage mice, but a few did develop small lesions by approximately 8 weeks of age (Figure 5(a) ). Mice in the Late stage of tumor development formed large secondary tumors in the lung epithelium, as determined by gross observation and histopathology (Figures 5(b)-(d) ). Lung tumors exhibited similar histopathologic features as those in the mammary tissue.
Tumor growth was monitored for two weeks during each stage of development. The initial tumor volume for Pre stage mice was 7.57 ± 10.77 mm 3 at 5 weeks of age. Two weeks after the initial measurement of the Pre stage mice, the tumors grew to an averaged total of 309.04 ± 16.63 mm 3 ( Figure 6(a) ). During the Early stage of development the initial tumor volume was measured at 6 weeks of age to be 133.33 ± 76.59 mm 3 . By 8 weeks of age, 14 days post initial volume measurement, the Early stage mice developed an average total tumor volume of 450.71 ± 39.56 mm 3 ( Figure 6(b) ). The Late stage of tumor development began at 10 weeks of age, when mice had an initial tumor volume of 588.3 ± 78.87 mm 3 . After 14 days post initial volume measurement, total tumor volume was 1727.21 ± 50.82 mm 3 ( Figure 6(c) ). The effect of three antineoplastic compounds was tested on the development of tumors in the PyVT mouse model. Treatment with cisplatin or paclitaxel did not significantly attenuate tumor growth during the Pre, Early, or Late stage of development (Data not shown). However treatment with tamoxifen did significantly attenuated tumor growth during the Pre and Early stages of tumor development (Figures 6(a) and (b) ). There was a significant difference in tumor volumes between tamoxifen and DMSO treated mice during the Pre stage of tumor development from day 10 to day 14 ( Figure 6(a) ). The change in tumor volume over this 14 day period showed a significant reduction of 124 mm 3 with tamoxifen treatment compared to control (p-values = 0.018). During the Early stage of development there was a significant difference in tumor volumes between tamoxifen and control groups at day 14 ( Figure 6(b) ). Tamoxifen significantly decreased the initial tumor volume of 148 mm 3 to a final volume of 306 mm 3 after 14 days of treatment (p-value = 0.013). The average size of tumors after 14 days of tamoxifen treatment was 144 mm 3 smaller than the final control volume, which is a reduction of 31%. Tamoxifen treatment did not significantly reduced tumor growth during the Late stage of tumor development ( Figure  6(c) ). There was no observable change in the formation of metastatic lung lesions.
Discussion
Throughout history, scientists have utilized a multitude of animal models to solve medical problems, develop new techniques and treatments, and cure disease. Genetically engineered mice are pursued in the cancer field, allowing researchers to investigate multiple aspects of cancer. Many types of transgenic animal have been developed, most of which have been used in small numbers as tools for investigating gene function in vivo. Several characteristics of the PyVT model make it ideal for research, such as its colony stability, predictable tumor growth behavior, metastatic phenotype, and its clinical similarity to human neoplasms.
The process of EMT involves epithelial carcinoma cells acquisitioning mesenchymal markers, such as vimentin, for increased metastatic potential [20, 21] , as well as loss of epithelial cell adhesion molecules [21, 22] . Alteration in E-cadherin expression is the typical epithelial cell marker of EMT [23] ; additionally loss of E-cadherin functionality promotes EMT [24] . The observed changes in epithelial marker expression in the isolated PyVT tumors are consistent with the EMT process. In addition to the decrease in PEDF, a multifunctional secreted protein with anti-angiogenic and anti-tumorigenic functions, is associated with progression towards malignancy and poor patient outcome [25] .
The PyVT mammary tumors were shown to be ER+, PR+, P53+, and HER-2+ via immunohistochemistry. This contradicts the results from Maglione et al. [5] , which indicated that tumors identified as mammary intraepithelial neoplasia (MIN) had no detectable levels of PR antigen. Maglione et al. used 9-week-old virgin females with the PyVT transgene; this is in the age range between the Early and Late stages of development defined here. The difference between results may be due to the dilution ratio of the primary antibody used for immunohistochemistry. Maglione et al. used a ratio of 1:1800, resulting in no antigen presentation. Here we used a ratio of 1:50 according to the manufacturer's recommendation, providing more antibodies for binding to a small amount of antigen. Additionally expression of hormone receptors shows a cyclic change during the estrous cycle in mice [26, 27] . This variation implies that the phase of the cycle, and thus the time of tissue harvest, may determine the expression of PR in the mammary carcinomas collected.
Other studies on the PyVT tumor phenotype indicate a loss of ERα and PR during tumor progression towards malignancy [4] . The results presented here support these conclusions. In addition ERβ is shown to also decrease with increased malignancy (Figure 2) . The ER genes share a large proportion of homology, but differ in their distribution and functions in many tissue types. While ERα is a known prognostic marker in breast cancer, the role of ERβ is less clear. A decrease in ERβ protein expression has been shown in the transition of the normal mammary gland to a pre-invasive tumor [28] . The loss of ERβ protein in invasive carcinomas correlates with reported mRNA levels in breast tumors [29] . Overall, these results demonstrate for the first time a downregulation of ERβ during carcinogenesis in the PyVT model.
Interestingly the expression of ER and Ki-67 is mutually exclusive in normal premenopausal breast tissue, but coexpression occurs in ER positive breast cancer. With age the ER+ cell population increases, while the number of Ki-67+ cells decreases in the healthy mammary tissue [30] . The transformation of normal tissue to a neoplasia may reverse this phenotype. The results shown here indicate that ER+ cell decrease and Ki-67+ cells increase with tumor progression towards a malignant phenotype. The observed increase in Ki-67 expression corresponds to previous finding that cyclin D1, a regulator of the cell cycle also used as a molecular marker for proliferation, increases during PyVT tumor progression [4] .
Strong expression of survivin is observed in the majority of cancer types, and is associated with tumor progression and chemoresistance [31] . Elevated survivin expression is associated with aggressive disease and has a strong correlation with poor patient outcome. The PyVT model has an increased expression of survivin with progression of the tumor phenotype towards malignancy. Survivin can regulate the cell cycle, cytokinesis, and apoptosis through multiple interactions, such as with heat shock protein 90 [32] , Smac/Diablo [33] , Cdk4 [34] , and p53 [35] . The observable increase in survivin expression suggests it plays a role in tumor formation and develop- ment in the PyVT model. The p53 protein is a tumor suppressor that prevents progression of the cell cycle and may induce apoptosis [36, 37] . The PyVT tumors were shown to be p53 positive at each stage of development. Interestingly, the survivin promoter sequence has two p53-binding sites [38] . Overexpression of the survivin protein saves neoplastic cells from p53-induced apoptosis [35] . The increase in survivin expression with tumor progression combined with a strong expression of p53 suggests that the cell is avoiding p53-dependent apoptosis through the upregulation of survivin.
Previous investigations on the PyVT transgenic model have been limited to studies focusing on gene function or histological characterization to prove clinical similarity to human breast cancer. This model has not been utilized to test the efficacy of antineoplastic compounds despite its multistage tumor development and similarities to human breast cancer. The compounds cisplatin, paclitaxel, and tamoxifen were chosen due their popularity in cancer treatment. Interestingly cisplatin and paclitaxel were not effective anticancer treatments, while tamoxifen successfully attenuated tumor formation in the PyVT model. The lack of response to cisplatin and paclitaxel suggests potential mechanisms of resistance, such as a reduction in the accumulation of compound insides the neoplastic cells due to membrane barriers or increased efflux, faster repair mechanism, or modulation of the apoptotic pathways.
There is a pressing need for effective and low-toxicity chemotherapeutics and chemopreventive agents against mammary carcinomas. Here the inhibitory effect of tamoxifen is demonstrated on neoplasm development in the MMTV-PyVT model. Tamoxifen has been extensively studied, but this is the first time, it is shown to be effective in a multistage mammary carcinoma model with lung metastasis. Exposure to tamoxifen prior to appearance of palpable mammary tumors significantly reduced tumor burden and attenuated tumor growth. However when tamoxifen exposure began after the gross appearance of mammary tumors, it was less effective at attenuating tumor growth and metastasis, without changing primary tumor burden. The means by which tamoxifen suppressed tumor development may be associated with the MMTV promoter sequence in this transgene-induced model. The MMTV promoter sequence contains a hormone-responsive element (HRE) that can bind progestin, glucocorticoid and androgen receptors. Hormone that has bound to its receptor can enter the nucleus where the complex can bind the HRE and stimulate the MMTV sequence. MMTV is activated by high levels of estrogen and progestin, upregulating expression of the target genes and inducing cancer formation [39] . Exogenous estradiol and progesterone treatment were shown to increase MM-TV mRNA expression [40] . Therefore by treating with tamoxifen, hormone is unable to bind the ER, translocate to the nucleus, and bind the HRE in the MMTV promoter sequence. This prevents promoter activation and reduces the expression of the PyVT antigen.
Tamoxifen was shown to be effective only during the Pre and Early stages of tumor development. Previous research showed that the tumors had variable expression of the PyVT antigen, indicating an importance of the transgene expression in initiation of tumor formation but not in the perpetuation of a malignant phenotype [5] . This suggests that during the Pre and Early stages of tumor development, when the transgene is more highly expressed, tamoxifen may prevent MMTV activation and subsequent PyVT antigen expression. Additionally the finding that tamoxifen efficiently suppressed the spontaneous mammary tumor development at these stages provides evidence that this compound may be beneficially utilized as a chemopreventive and chemotherapeutic in early intervention to reduce morbidity and mortal- ity associated with this neoplastic disease. The long terminal repeat (LTR) region of the MMTV promoter has previously been shown not to be downmodulated by the antiestrogenic effects of tamoxifen [41] , but this study was conducted in the T47D human breast cancer cell line stably transfected with the LTR of the MMTV. There is no data indicating that systemic estrogen concentrations or tamoxifen treatments in the transgenic mouse model do not alter promoter activation. Multiple studies conducted on transgenic mice using the MMTV promoter sequence do show anticancer effects with the use of tamoxifen [42] [43] [44] [45] , though they do not indicate if the promoter sequence plays a role in the compound's efficacy.
This study looks at the transgenic PyVT mouse as a model for breast cancer research and drug development. Tumor growth was monitored from a precancerous stage to a metastatic stage. The tumor phenotype was determined for three distinct periods of development emphasizing a change in cellular phenotype (i.e. EMT) and hormone receptor expression, proliferative shift, survival techniques, and a detailed histopathological analysis of mammary carcinoma lesions. For the first time this model was used to determine the efficacy of three common antineoplastic compounds in the development of spontaneous mammary carcinomas. Tamoxifen can attenuate the formation of breast carcinoma if given early enough to inhibit transformation of the normal cell. The mechanism of tamoxifen chemoprevention may involve a reduction of the number of total cells transformed by the MMTV-PyVT transgene. These data suggest that tamoxifen, not cisplatin or paclitaxel, may improve the clinical outcome in patients prior to diagnosis of metastatic disease, and could potentially reduce morbidity and mortality associated with breast cancer.
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